Ideomotor apraxia has been defined as a failure to produce either a correct movement on verbal cornmand or to imitate correctly a movement performed by the examiner when the incorrect performance cannot be explained by weakness, incoordination, akinesia, abnormal reflexes, impaired auditory comprehension, or impaired visual or tactile perception.1 This had led to the conclusion that ideomotor apraxia is an inaccurate term to associate with Parkinson's disease because the patients manifest motor deficits.2
Ideomotor apraxia has been defined as a failure to produce either a correct movement on verbal cornmand or to imitate correctly a movement performed by the examiner when the incorrect performance cannot be explained by weakness, incoordination, akinesia, abnormal reflexes, impaired auditory comprehension, or impaired visual or tactile perception.1 This had led to the conclusion that ideomotor apraxia is an inaccurate term to associate with Parkinson's disease because the patients manifest motor deficits. 2 With regard to the examination of motor behaviour the distinction between apraxic errors and lower level deficits of motor control has been expressed as follows: "The diagnosis of ideomotor apraxia is not made if a patient fails to carry out certain movements at all, nor is mere clumsiness of movement sufficient to consider a patient apraxic. The diagnosis is made when a patient is impaired in the proper selection of the motor elements which constitute a movement and in the correct ordering of these elements in a motor sequence". 3 Errors that fit into this definition have been observed in patients with Parkinson's disease and seem to indicate a deficit in central motor planning. 246 The aim of the present study was Six symbolic gestures and six pantomimes of object use were examined on verbal command only. Again, correct performance on first trial yielded two points. In case of failure the meaning of the gesture or the demand to pantomime the use of an implement was reexplained, and one point was credited for a correct second trial. Generally, slowness of execution and disturbance of movement by tremor or reduced motility were not considered as failures. The prevailing types of errors were the same in Parkinsonians and controls: confusion of fingers in imitation of finger postures; spatial errors in imitation of hand positions and of whole limb movement sequences, frequently occurring already with the first movement of a sequence; omission of tapping with the fourth and fifth finger and loss of the 1-1, 2-1-1, 2 rhythm in the finger tapping sequence; omission or incorrect patterns of movement of single digits in symbolic gestures, and body part as object errors in pantomine of object use.
Statistical analysis
Rating of organic brain syndrome and of motor disability obviously operated on an ordinal scale level. The interval scale level of some of the other subtests could be disputed, because rating was based on a combination of different criteria. For example, scoring combined the number of correct items with an evaluation of whether a task was achieved with or without correction. Therefore, nonparametric statistics based on rankings were choosen to determine the significance level of differences and to estimate the strength of correlations. Because multiple comparisons and correlations were being computed for the same data set a probability of 0 001 was considered to be a maximum for interpreting a single result as being significant. In interpreting partial correlations, however, a 0 01 level of significance was accepted since this procedure controls more strictly for common influences of nonspecific factors.
Results
Within each group scores of finger and hand positions as well as of geometric figure and WAIS figure assembly showed no significant differences (Wilcoxon test for repeated measures, p > 0 20). They were col- Spearman correlation coefficients; *p < 0-001, tp < 0-0001, tp < 0-00001. Increased sensitivity to interference between successive components of the movement sequences might have added to the deleterious effect of impaired visuospatial encoding on memory for movements in patients with Parkinson's disease. The basal ganglia function in close interaction with the frontal lobes,6 23 and there is evidence that patients with even mild Parkinson's disease exhibit psychological deficits which resemble those of patients with frontal lobe damage.2426 Increased vulnerability to interference between successively presented items of memory tasks has been documented in human patients and in animals with frontal lobe damage. 14 27 28 Considering the correlations between the verbal memory task and apraxia subtests one notes a great difference between Parkinsonians and controls with regard to the finger tapping sequence: in Parkinsonians there was a significant correlation between memory and finger tapping, whereas in controls there was hardly any correlation at all. The amount of information that has to be memorised for repeating the finger tapping sequence is rather small, consisting of a simple 1-1, 2-1-1, 2 rhythm and the demand to move one finger after the other. On the other hand, interference in this task could be very strong, because a sequence of alternating commands concerns "semantically" closely related body parts, the finger of one hand.
The demonstration of a deficit in apraxia testing of Parkinson's disease patients that cannot be reduced to being a sequel of faulty execution resulting from akinesia, hypomotility, or tremor leads to the question whether basal ganglia damage of other origin might also have a deleterious effect on the central planning and control of intentional movements. Ideomotor apraxia with exclusively subcortical lesions of vascular origin is not frequent but has repeatedly been reported.29 -3 Because of the anatomy of vascular supply, however, ischaemic lesions most oftenly encroach upon cortical as well as subcortical regions. Purely cortical lesions of the left parietal lobe following surgical excision lead only to a mild impairment in copying of complex arm movements that is distinctly less severe than ideomotor apraxia caused by stroke.32 Kertesz and Ferro3 looked for patients who had moderate to severe apraxia as a sequel of stroke and in whom CT displayed only small lesions. They found that seven out of nine had subcortical frontal lobe lesions. Lesions in this location may lead to apraxia because they damage both the white matter connecting the occipital with the frontal lobes and the anterior callosal fibres connecting the premotor areas of both hemispheres. They are, however, very likely to encroach upon the anterior basal ganglia as well. The effects of basal ganglia damage may thus contribute to the clinical picture of ideomotor apraxia in patients with more extensive left brain damage. We thank R Wytek for statistical advice. Calculations were performed at the Computing center of the University of Vienna, using the SPSS. 
